Removal of crude oil from aqueous solution using lauric acid modified oil palm leaves adsorbent by Sidik, Siti Munirah
vii 
 
TABLE OF CONTENTS 
 
 
 
 
 
CHAPTER TITLE PAGE 
 DECLARATION 
DEDICATION 
ACKNOWLEDGEMENT 
ABSTRACT 
ABSTRAK 
TABLE OF CONTENTS 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF ABBREVIATIONS 
LIST OF SYMBOLS 
LIST OF APPENDICES 
 ii 
iii 
iv 
v 
vi 
vii 
xi 
xii 
xv 
xvi 
xvii 
    
1 INTRODUCTION  1 
 1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
Background of Study 
Problem Statement  
Objectives of Study 
Scope of Study  
Significance of Study 
Thesis Outline 
 1 
3 
4 
5 
5 
6 
    
2 LITERATURE REVIEW  8 
 2.1 Oil Spill  8 
 2.2 Technologies of Oil Removal  9 
viii 
 
  2.2.1 Biological Treatment  10 
  2.2.2 Chemical Treatment  11 
  2.2.3 Physical Treatment  12 
 2.3 Adsorption  14 
  2.3.1 Adsorption Affinity  16 
  2.3.2 Adsorption Equilibrium Isotherm   17 
  2.3.3 Adsorption Kinetics  20 
  2.3.4 Thermodynamics Study  22 
 2.4 Adsorbent   25 
  2.4.1 Oil Palm Wastes   26 
  2.4.2 Surface Modification of Adsorbent  27 
  2.4.3 Lauric Acid as Modification Agent  29 
    
3 METHODOLOGY  30 
 3.1 Preface  30 
 3.2 Chemical and Materials  30 
 3.3 Preparation and Modification of OPLuntreated  31 
  3.3.1 Modification of OPL with 
SDS 
 32 
  3.3.2 Modification of OPL with LA  32 
 3.4 Characterization of Untreated and 
Modified OPL. 
 33 
  3.4.1 Determination of pH of OPLuntreated 
and OPLLA 
 33 
  3.4.2 Determination of Hydrophobicity 
Degree of the OPLuntreated and 
OPLLA 
 33 
  3.4.3 Chemical Functional Group 
Analysis  (FTIR) 
 34 
  3.4.4 Morphological and Textural 
Studies (FESEM) 
 34 
  3.4.5 Surface Area and Porosity Analyses 
(BET method) 
 35 
ix 
 
  3.4.6 Thermal Analysis  35 
 3.5 Adsorption of Crude Oil onto OPLLA  36 
  3.5.1 Preparation of Crude oil 
Contaminated Solution 
 36 
  3.5.2 Batch Adsorption Experiments  37 
  3.5.3 Equilibrium, Kinetics and 
Thermodynamics Study 
 39 
 3.6 Application of the OPL to Crude Oil 
Contaminated Seawater 
 41 
 
     
4 RESULTS AND DISCUSSION  42 
 4.1 Characterization of Crude Oil Properties  42 
 4.2 Characterization of Untreated and 
Modified OPL 
 43 
 4.3 Adsorption capacity of OPLuntreated, OPLSDS 
and OPLLA 
 44 
  4.3.1 Identification of Chemical 
Functional Groups 
 46 
  4.3.2 Determination of Morphology and 
Structural Features 
 49 
  4.3.3 Surface Area and Porosity 
Analysis 
 51 
  4.3.4 Thermal Analysis  54 
 4.4 Adsorption of Oil onto OPLLA  56 
  4.4.1 Effect of Hydrocarbon Fraction  56 
  4.4.2 Effect of Solution pH  59 
  4.4.3 Effect of Adsorbent Dosage  61 
  4.4.4 Effect of Contact Time  62 
  4.4.5 Effect of Initial Crude Oil 
Concentration 
 63 
  4.4.6 Effect of Temperature  65 
 4.5 Kinetic Studies  66 
 4.6 Equilibrium Studies  69 
x 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4.7 Thermodynamic Studies  72 
 4.8 Application of the OPLLA to Crude Oily 
Contaminated Seawater 
 75 
 4.9 Cost Estimation of OPLLA Preparation  76 
 4.10 Comparison of OPLLA Adsorption 
Capacity to Previous Adsorbents 
 77 
      
5 CONCLUSION AND RECOMMENDATION  78 
 5.1 Conclusion  78 
 5.2 Recommendation for Future Works  79 
     
REFERENCES  81 
APPENDICES  95 
xi 
 
LIST OF TABLES 
 
 
 
 
TABLE NO. TITLE 
 
 PAGE 
2.1 Characteristics of physical and chemical adsorption.  15 
2.2 Linear form of four different types of Langmuir 
isotherm. 
 19 
2.3 Nature of adsorption process.  19 
2.4 Comparison of adsorption capacity for various 
adsorbents for crude oil removal. 
 28 
4.1 Physicochemical properties of crude oil.  43 
4.2 Physical characteristics of OPLuntreated, OPLSDS and 
OPLLA. 
 43 
4.3 Nitrogen adsorption-desorption results of the studied 
adsorbents. 
 51 
4.4 Tentative of GC/MS of the closed crude oil.  57 
4.5 Tentative of GC/MS of the exposed crude oil.  57 
4.6 Kinetic parameters for adsorption on OPLLA at 
different temperatures. 
 66 
4.7 Coefficients and MPSD error values of the 
Langmuir, Freundlich and Temkin isotherms. 
 69 
4.8 Thermodynamics parameters for the adsorption of 
crude oil onto OPLLA. 
 73 
4.9 Details of the cost estimation calculation of OPLLA.  77 
 
 
 
 
 
 
 
 
xii 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE 
 
 PAGE 
2.1 Competition between solute and solvent for 
adsorption sites. 
 17 
2.2 Chemical structure of lauric acid.  29 
3.1 Research Flowchart.  31 
4.1 Adsorption capacity of crude oil by (a) OPLuntreated, 
(b) OPLSDS and (c) OPLLA. 
 45 
4.2 Proposed mechanism of the adsorption of crude oil 
onto OPLLA. 
 45 
4.3 FTIR spectra of OPLuntreated, OPLLA and OPLLA after 
crude oil adsorption. 
 47 
4.4 Proposed machanism modification of OPLuntreated 
with lauric acid. 
 49 
4.5 FESEM micrographs of the (a) OPLuntreated, (b) 
OPLLA and (c) OPLLA after crude oil adsorption. 
 50 
4.6(a) Nitrogen adsorption (♦) and desorption (◊) isotherm 
at 77.35 K for OPLuntreated. 
 52 
4.6(b) Nitrogen adsorption (♦) and desorption (◊) isotherm 
at 77 K for OPLLA. 
 53 
4.6(c) Nitrogen adsorption (♦) and desorption (◊) isotherm 
at 77 K for OPLLA after adsorption of crude oil. 
 54 
4.7 The thermogram of OPLuntreated and OPLLA.  55 
4.8 Gas chromatogram of closed and exposed crude oil.  56 
4.9 Adsorption capacity of OPLuntreated on the closed 
and exposed crude oil 
 58 
    
xiii 
 
4.10 Effect of pH on adsorption of crude oil onto OPLLA. 
The bars represent the standard deviation of mean. 
 59 
4.11 Effect of adsorbent dosage on the (●) removal 
percentages and (□) adsorption capacity of the 
adsorption of crude oil onto OPLLA. The bars 
represent the standard deviation of mean. 
 61 
4.12 Effect of contact time on adsorption of crude oil onto 
OPLLA. The bars represent the standard deviation of 
mean. 
 62 
4.13  Effect of initial crude oil concentration on the (●) 
removal percentages and (□) adsorption capacity of 
the adsorption of crude oil onto OPLLA. The bars 
represent the standard deviation of mean. 
 64 
4.14 Effect of temperature on adsorption of crude oil onto 
OPLLA. The bars represent the standard deviation of 
mean. 
 65 
4.15 Pseudo-second-order kinetics model of adsorption of 
crude oil onto OPLLA. 
 67 
4.16 Intraparticle diffusion model of crude oil adsorption 
onto OPLLA. 
 68 
4.17(a) The Langmuir adsorption isotherms of crude oil 
adsorption onto OPLLA. The bars represent the 
standard deviation of mean. 
 70 
4.17(b) The Freundlich adsorption isotherms of crude oil 
adsorption onto OPLLA. The bars represent the 
standard deviation of mean. 
 70 
4.17(c) The Temkin adsorption isotherms of crude oil 
adsorption onto OPLLA. The bars represent the 
standard deviation of mean. 
 71 
4.18 Plot of ln Kc vs. 1/T for crude oil adsorption onto 
OPLLA. The bars represent the standard deviation of 
mean. 
 72 
xiv 
 
 
4.19 Arrhenius plot of the adsorption of crude oil onto 
OPLLA. 
 74 
4.20 Adsorption capacity of crude oil from (a) aqueous 
solution and (b) synthetic seawater at pH 6 and (c) 
synthetic seawater at pH 7 by OPLLA. The bars 
represent the standard deviation of mean. 
 75 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xv 
 
LIST OF ABBREVIATIONS 
 
 
 
 
BAF - Biological aerated filter 
BET - Brunauer Emmett Teller 
BRHA - Black rice husk ash 
CRH - Carbonized rice husks 
CFU - Compact flotation unit 
EFB - Empty fruit bunch 
FESEM - Field emission scanning electron microscopy 
FTIR - Fourier transform infrared spectroscopy 
HA - Hydrophobic aerogel 
HAS - Hydrophobic aquaphyte 
HCP - Hydrogel of chitosan based on polyacrylamide 
LA - Lauric acid 
MF - Microfiltration 
NF - Nanofiltration 
OGSD - Oleic acid-grafted sawdust 
OPL - Oil palm leaves 
OPLLA - Oil palm leaves modified with lauric acid 
RO - Reverse osmosis 
RWNM - Recycled wool-based nonwoven material 
SBRs - Sequencing batch reactors 
SDS - Sodium dedocyl sulphate 
TGA - Thermagravimetric analysis 
UF - Ultrafiltration  
UV - Ultraviolet 
WPG  Weight percent gain 
 
 
 
xvi 
 
LIST OF SYMBOLS 
 
 
 
 
Ea - Activation energy 
qe - Adsorption capacity at equilibrium 
qt - Adsorption capacity at specific time 
Ce - Concentration of adsorbate 
RL - Dimensionless constant separation factor 
ΔHo - Enthalpy change 
ΔSo - Entropy change 
∆Go - Free Gibbs energy 
R - Gas constant 
g - Gram 
k2 - Ho-pseudo-second-order constant 
Co - Initial Concentration 
J - Joule 
K - Kelvin 
k - Kilo 
k1 - Lagergren-pseudo-first-order constant 
KL - Langmuir adsorption constant 
L - Litre 
Mg - Magnesium 
m - Mili 
MnT - Million tonnes 
min - Minute 
B - Temkin constant 
qm - Theoritical maximum adsorption capacity 
 
 
 
 
xvii 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX TITLE 
 
 PAGE 
I Calibration curve of the standard crude oil solution.  95 
II List of Publication/Proceeding  96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
